Left ventricular performance was assessed in 22 patients early (within the first 2 days) after acute myocardial infarction (AMI) and again during the convalescent phase (3-5 weeks later). Left ventricular end-diastolic pressure (LVEDP) fell from the early to the late study by an average of 10.7 mm Hg in the 12 (55%) group A patients. In these patients, cardiac index (CI) and left ventricular stroke work (LVSW) increased by an average of 0.65 liters/min/m2 and 63.8 g-m, respectively, and the mean right atrial pressure fell by 2.4 mm Hg. These changes were statistically significant (P < 0.05). Left ventricular (LV) function was improved in this group of patients.
LV FUNCTION AFTER AMI ment of ventricular function'-3 which returns toward normal in the recovery phase. 4 In man, acute myocardial infarction (AMI) also results in an impairment of ventricular function.5 6 Previously, we have shown that in the convalescent phase after AMI left ventricular performance was abnormal in the majority of patients. 7 However, it is not clear if any change in ventricular function occurs during the interim between the acute and convalescent phases. Reported changes in cardiac output during the first week8 and 3-8 weeks9 10 after AMI have followed no consistent pattern. A preliminary report by Broder et al. "1 suggested that left ventricular end-diastolic pressure increased in many patients due to a decrease of ventricular distensibility, and that ventricular function remained unchanged.
In this study, we present data in 22 patients demonstrating that from the time immediately following AMI to the convalescent phase ventricular function improved in over half of the patients, and in one of every five patients ventricular function had deteriorated.
Material and Methods
Hemodynamic studies were carried out in patients who had recently sustained an acute myocardial infarction (AMI). Twenty-two patients in whom adequate data were available both early after AMI and in the convalescent phase have been analyzed in detail for this report. Informed consent for the studies had been obtained after explaining to the patient the purpose, nature, and risks of the procedure.
There were 13 males and nine females. Their ages ranged from 41 to 76 years, mean of 58.7 years. The diagnosis of AMI was based on the history of ischemic cardiac pain, appropriate changes in the serum enzymes (serum glutamic oxaloacetic transaminase l[SCOT], lactic dehydrogenase [LDH] , and creatine phosphokinase [CPK] ) ,12 and characteristic alterations of the electrocardiogram (ECG) 13 . 14 Thirteen patients were judged to have had a transmural AMI because of the presence of pathologic Q waves on the ECG, and the remaining nine patients were considered to have had a nontransmural AMI. Cardiac output was determined by the indicator-dilution technic. The (g-m) . Preejection period (PEP), left ventricular ejection time (LVET), and the time from the Q wave of the ECG to the second heart sound (QS2) were corrected (c) for heart rate by the regression equation obtained from data for normal people given by Weissler et al. 17 The early studies were performed in the coronary care unit within 1 day of the onset of pain in 10 patients, within 2 days in 11, and on the third day in one patient. These early studies were performed using previously described technics. ' LV FUNCTION AFTER AMI systemic hypertension, three had diabetes, 12 had angina, six had a previous AMI, and four had been in cardiac failure. Five patients had been receiving digitalis, five were on antianginal therapy, 11 were on diuretics, and none was receiving other antihypertensive therapy or antiarrhythmic drugs.
At the time of the early studies, all patients had recently had acute ischemic cardiac pain and were in the acute phase of their illness. The patients were not having ischemic cardiac pain at the time of the study. None of the patients was in cardiogenic shock or in acute pulmonary edema. Six patients had rales at the lung bases (CHF, clinical class II of Killip and Kimball20), and the rest were uncomplicated. Three patients had an early diastolic gallop (S3 heart sound) and all 22 had an atrial gallop (S4 heart sound). Since they had portable chest X-rays assessment of cardiothoracic ratio is difficult.
At the time of the late studies six patients had minimal angina of effort, seven had exertional dyspnea, five had an early diastolic gallop, 20 had an atrial gallop, nine were on digitalis, and seven were receiving diuretic therapy. At the time of the late studies, 11 Left ventricular performance is a complex function and can be altered by changes in preload (as expressed by ventricular enddiastolic volume and pressure, and wall thickness), loading conditions during contraction or afterload (the integrated systolic intramyocardial tension), inotropic state of the muscle, frequency of contraction (rate), and synergy of contraction.22 24 Heart rate did not change significantly in patients in the three groups, and arterial pressure did not change significantly in group A and C patients. We have assessed alterations of LV function on the basis of the relationship of LVEDP to LVSW and/or CI. At any one stage, if this relationship is examined at different LVEDPs, an LV function curve on which the heart is operating may be obtained. However, if only one point on an LV function curve is obtained, and on a repeat examination the relationship of LVEDP to LVSW is 775 by guest on November 18, 2017 http://circ.ahajournals.org/ RAHIMTOOLA ET AL. Cardiac pain S3 heart sound S4 heart sound Cardiogenic shock CHF Symptoms (late study): Angina Dyspnea CHF S3 heart sound S4 heart sound Chest X-ray: C-T ratio (mean >0. (2) we have also shown previously that clinical features, chest X-rays, and the systolic time intervals did not detect abnormalities of LV function in many patients who were convalescing from AMI. 7 There are several mechanisms which probably contributed to the improvement of patients in group A. After experimental myocardial infarction there is recovery of ventricular function toward normal.4 Improvement results from: (1) increased shortening of noninfarcted myocardial fibers,3' (2) disappearance of the aneurysmal bulging,4 and (3) stiffening of the infarcted myocardium which results in a reduction of LV compliance.32 3 By itself the reduced compliance would increase LVEDP. Since the group A patients had a reduction of LVEDP and an increase of CI, mechanisms other than reduced compliance have also contributed to the improvement seen in our patients.
The changes seen in our group B patients can be explained largely on the basis of changes in mean arterial pressure (MAP). All six patients had systemic hypertension (by cuff pressure and by direct intraarterial pressure recording) during the convalescent phase. Two patients had evidence of LVH by ECG criteria and two had grade 2 hypertensive retinopathy. It is possible that these patients had systemic hypertension prior to AMI; the blood pressure fell due to AMI, and as the LV was unloaded they had a reduced LVEDP. In the early studies the LVEDP was lower in group B patients than in patients in groups A or C. During the convalescent phase, arterial pressure and LVEDP increased. Increase of arterial pressure usually results in no change in cardiac output. 34 Since the cardiac output also increased in group B patients, alterations in the infarcted and noninfarcted myocardium may have contributed to the observed changes in LV function. However, not all hypertensive patients behave in this way because many patients in groups A and C also had hypertension and responded differently from patients in group B. Further, volume depletion may have contributed to the changes seen.
Four of our patients (18%), three in group B and one in group C, had a normal LVEDP at the initial study, which is similar to the findings of Hamosh et al. (15% of 40 patients).6 The reason why these patients initially had a normal LVEDP is not clear but this could have been due to hypovolemia. Three of the four had previous systemic hypertension and, thus, a reduction in arterial pressure with AMI would have contributed to their having a normal LVEDP.
The deterioration of LV function of the four patients in group C was not due to clinically detectable extension of myocardial infarction between the early and late studies. Recently, Schell and co-workers35 have described a technic for estimating infarct size. We do not have an estimate of infarct size; however, the higher peak level of serum enzymes in group C patients suggests they had larger infarcts as compared with group A and B patients. If this larger area of infarction was akinetic or dyskinetic, then, as shown by Klein et al.,36 these patients would have a higher LVEDP, and lower CI and SI. Thus, the difference between group A and group C patients could be explained on the basis of the infarct size, the functional characteristics of the infarcted area, and the behavior of the noninfarcted myocardium. If the infarct is small and stiffens by the convalescent phase and the noninfarcted myocardium has greater contractile force, LV pump function will improve. If the infarct is large and akinetic or dyskinetic, and the contractile force of the noninfarcted myocardium is largely expended in generating tension with little reserve left for expulsion of blood,36 LV function will deteriorate.
